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APPENDIX B
SCOPE OF WORK FOR BASLEINE RISK ASSESSMENT
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Baseline Risk Assessment

1.  Introduction.  

a.  A section of the Remedial Investigation (RI) Report for the site shall be entitled Baseline
Risk Assessment (BRA).  This section shall be further subdivided into Human Health Risk As-
sessment (HHRA) and Ecological Risk Assessment (ERA) subsections.  The Contractor shall use
all available site information to prepare the BRA.  All topics required by this section of the scope
of services as described below shall be addressed in the BRA.  Where a specific topic can not be
applied to this site, the Contractor shall document that it was adequately considered, and justify
its omission.  The Contractor will consider United States Environmental Protection Agency
(USEPA) regional or state requirements for using the Risk Assessment Guidance for Superfund
(RAGS), Volume I: Human Health Evaluation Manual, Part D (EPA/540/R-97/033).

b.  Use the Technical Project Planning (TPP) Process (EM 200-1-2) for planning data collec-
tion required to prepare the BRA.  Use of the TPP process will ensure that only necessary data
are collected.  The Contractor shall propose sample locations, depths, and numbers required to
prepare the HHRA and, as noted below, for the ERA.  Base the sampling scheme on the Con-
ceptual Site Model (CSM) and the Ecological Conceptual Site Model (ECSM).  Data Quality
Objectives (DQOs) for all data collection activities shall be clearly documented in the work plan
(WP)/Sampling and Analysis Plan (SAP), and contain the following information: sample
location, sample depth (if appropriate), analytical method requirements, quantitation limit
requirements, and identification of data use.  The Contractor shall evaluate analytical
quantitation capabilities against protective levels and identify the effects on the BRA when the
required quantitation limits cannot be achieved.  The Contractor shall ensure that quantitation
limits for all dual-purpose samples (i.e., those required for both the HHRA and ERA) are low
enough to evaluate site concentrations against the lower of the two levels.

2.  Data Evaluation.  Before they are used in the BRA, all analytical data shall be reviewed,
and appropriate data qualifiers applied, as required (see USEPA 1992a).  Then review project
DQOs to determine if the data collected are of sufficient quantity and quality, according to their
intended use. The Contractor shall then present the chemical data in a table that contains chemi-
cals analyzed, concentrations detected, the sample quantitation limits, data qualifiers, and the fre-
quency of detection, and these data will be footnoted to identify applicable Quality Assur-
ance/Quality Control (QA/QC) results and any limits on data use.  

3.  Human Health Risk Assessment (HHRA).  The HHRA shall assess the risks and
hazards to human receptors from site contaminants in the event no action is taken to remove
contaminants or stop them from migrating.  In the process of evaluating exposures, the
Contractor shall consider all current and reasonable future land use scenarios and evaluate risks
and hazards to adults, children, and sensitive subpopulations, as appropriate. The HHRA shall be
consistent with the USEPA guidance, Risk Assessment Guidance for Superfund (RAGS), Volume
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I: Human Health Evaluation Manual (EPA/540/1-89/002), and EM 200-1-4, Risk Assessment
Handbook, Volume I: Human Health Evaluation.  Additionally, USEPA regional and state
guidance shall be used as required and deemed appropriate.

a.  Selection of Chemicals of Potential Concern (COPCs).  The Contractor shall select COPCs
according the protocol in RAGS, USEPA regional, or state guidance, as required or appropriate.

b.  Exposure Assessment.  Exposure will be assessed on the basis of the CSM that was devel-
oped during the TPP process.  The CSM shall be updated to include any information that has
been realized during the field effort and shall be the basis for assessing the exposure.  All source
areas, intermedia transport mechanisms, receptors, and exposure routes shall be evaluated in this
section.

(1)  While assessing exposure, the Contractor shall use available monitoring data, analyze
potential chemical releases in detail, estimate exposure point concentrations, evaluate the envi-
ronmental fate and transport of chemicals released both qualitatively and quantitatively, and
identify exposed populations.  Other relevant data that can assist the Contractor in assessing
exposure include activity patterns, land use zoning, community development plans, landowner
intentions, public water availability, restrictions on private wells, location of nearest potable
well, quality and quantity of groundwater, etc.  As specified in RAGS, exposure point
concentrations shall be expressed as the 95 percent Upper Confidence Limit (95% UCL) on the
arithmetic mean, or be represented by the results of fate and transport modeling.  The Contractor
shall determine the data distribution (i.e., normal, log-normal, or non-parametric) and apply
statistics appropriate for that distribution.  The Contractor shall consider ingestion, inhalation,
and dermal contact exposure routes from the following potentially affected environmental media
at each site:

(a)  Soil.

(b)  Ground water.

(c)  Surface water/suspended sediment.

(d)  Sludge/bottom sediment.

(2)  The Contractor shall assess exposures according to protocol contained in RAGS, using
the algorithms provided, or justify changes deemed necessary.  Exposure parameters shall be
taken from the Exposure Factors Handbook (EPA/600/P-95/002Fa, b, and c) or from alternate
sources that are deemed appropriate.  All exposure parameters used shall be documented in the
text, including justification for their use.  At a minimum, the Reasonable Maximum Exposure
(RME) and Central Tendency Exposure (CTE) will be calculated.  One example of each calcula-
tion shall be provided, and the results of all calculations shall be presented in a table.
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c.  Toxicity Assessment.  A toxicological profile is required for all chemicals retained as
COPCs. Attach them in an appendix to the end of the RI Report.  These toxicity profiles shall
minimally include a summary of the study or studies used to derive the reference dose (RfD) or
cancer slope factor, confidence, weight of evidence, and indicated effect.  The toxicological
profiles need not be written for this HHRA, but may be taken from published sources, such as
the Agency for Toxic Substances and Disease Registry (ATSDR).  The hierarchy for toxicity
values to be used in the HHRA shall be as follows:

(1)  USEPA Integrated Risk Information System (IRIS).

(2)  USEPA National Center for Environmental Assessment (NCEA).

(3)  U.S. Army Center for Health Promotion and Preventive Medicine (USACHPPM)
(military unique chemicals [MUCs]).

(4)  ATSDR Minimum Risk Levels (MRLs).

(5)  USEPA Water Quality Criteria Documents.

(6)  USEPA Health Effects Assessment Summary Tables (HEAST).

(7)  USEPA Health Advisories.

d.  Risk Characterization.  Risk characterization is required for the individual and composite
carcinogenic risk and noncarcinogenic hazard of human exposure to site COPCs.  Risk shall be
calculated in accordance with RAGS protocol.  The contractor shall clearly identify, in a table,
risks and Hazard Quotients (HQs) associated with each chemical for each route of exposure.
That table will also sum the risks or calculate a hazard index (HI) for all chemicals, pathways,
and receptors.  The Contractor shall identify how the aggregate carcinogenic risks relate to the
EPA’s acceptable risk range of 1E-06 to 1E-04.  Also, where an HI exceeds unity, the Contractor
shall segregate the individual HQs and recalculate HIs by target organ, as specified in RAGS.

e.  Uncertainty Analysis.  Various approaches can be taken to describe the uncertainties of the
assessment, ranging from descriptive to quantitative.  The method selected shall be consistent
with the level of complexity of the assessment.  The Contractor shall evaluate all uncertainties
associated with sampling and analysis, fate and transport, exposure assessment, toxicity
assessment, and risk characterization, indicating the strengths and limitations of the HHRA.  The
discussion shall point out sources of uncertainties, estimate the degree of uncertainty associated
with each source, and estimate of the effect (over- or under-estimation of risk) of that
uncertainty.  The Contractor shall also briefly discuss potential options that could be used to
reduce the most significant uncertainties in the assessment.  At a minimum, the following two
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points shall be addressed: whether or not the performance of a quantitative uncertainty analysis
(e.g., sensitivity analysis or probabilistic assessment) on one or more aspects of the study would
improve the assessment; and the potential success or feasibility, or both, of investigating site-
specific measures of bioavailability.

4.  Ecological Risk Assessment (ERA).  The contractor shall conduct a baseline ERA for
the site.  The ERA determines whether or not there are actual or potential ecological risks attrib-
utable to contamination at the site.  The ERA shall be based on the Site-Specific Management
Objectives (SSMOs), the ECSM, the list of Chemicals Of Potential Ecological Concern
(COPECs), and the Scientific/Management Decision Point (SMDP) established at the end of the
Preliminary Assessment/Site Inspection (PA/SI). The ERA shall be conducted in accordance
with steps 3 through 8 of Ecological Risk Assessment Guidance for Superfund (ERAGS):
Process for Designing and Conducting Ecological Risk Assessments (USEPA 1997). 
Additionally, use the following guidance as appropriate: Risk Assessment Handbook, Volume II:
Environmental Evaluation (EM 200-1-4), Guidelines for Ecological Risk Assessment
(EPA/630/R-95/002F), Tri-Service Procedural Guidelines for Ecological Risk Assessments
(Wentsel et al. 1996), and guidance from the applicable USEPA region and state.

a.  Step 3: Problem Formulation.  Problem formulation is a process for generating and
evaluating hypotheses about why human activities may have caused ecological effects.  It
establishes the goals, breadth, and focus of the baseline ERA (USEPA 1997).  The Contractor
shall use the TPP Process (EM 200-1-2) during problem formulation to ensure that data collected
are of adequate quality and quantity for their intended use.  Problem formulation for the baseline
ERA shall include the following activities:

• Refinement of preliminary COPECs.
• Refinement of the ECSM.  
• Selection of assessment endpoints directly linked to the SSMOs.
• Development of risk hypotheses for each assessment endpoint.

(1)  Refinement of Preliminary COPECs.  The SMDP from the screening-level ERA in the
PA/SI should have indicated what COPECs need to be carried into the baseline ERA.  Because
the screening-level ERA uses very conservative assumptions, the Contractor shall evaluate the
list of COPECs and the corresponding HQs generated to determine if the use of site-specific
exposure parameters would cause the HQs to drop to or near unity.  Additionally, the Contractor
shall evaluate on-site concentrations against both naturally occurring and anthropogenic
background concentrations, if site-specific background concentrations are available (note that
this step is not included in ERAGS, but may be used to minimize the number of COPECs carried
through the baseline ERA).  For this evaluation, the Contractor shall reevaluate the following
wildlife exposure parameters (see EPA/600/R-93/187a) and recalculate HQs for those pathways
indicating a risk from the screening-level ERA:
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(a)  Area use percentage (home range).

(b)  Bioavailability < 100%.

(c)  Diet composition < 100% from the most contaminated media.

(d)  Food concentration.

(e)  Detection frequency.

(f)  Based on this evaluation, the Contractor shall propose which COPECs need not be
carried forward, and shall clearly document the rationale for their exclusion.

(2)  Refinement of the ECSM.  The Contractor shall review and revise the preliminary
ECSM developed during the PA/SI to identify the source areas, fate and transport mechanisms of
the COPECs, receptors exposed to site chemicals, and exposure routes expected to be complete. 
The detail required for the ECSM will be determined by the COPECs present, an evaluation of
site use (both current and reasonable future), and the quality and quantity of available habitat
(both on-site and adjacent off-site).  The Contractor shall ensure that adequate information on the
COPECs is available to determine potential risks.  Due consideration shall be given to threatened
and endangered species that may be on-site and sensitive habitats on-site or adjacent off-site. 
Mechanisms of ecotoxicity available from the PA/SI shall be reevaluated to ensure their
relevance to the exposure pathways identified as complete.  If necessary, a literature search shall
be conducted to evaluate toxicity information on these chemicals relative to any potential
receptors identified, and to guide the sampling, analysis, and quantitation limit requirements for
the data collection effort.

(3)  Selection of Assessment Endpoints.  Guided by the SSMOs and the ECSM, the Con-
tractor shall propose the assessment endpoints to be evaluated in the baseline ERA.  By
definition, assessment endpoints are explicit expressions of the actual environmental value to be
protected, including both the ecological entity and an attribute of that entity.  In selecting
assessment endpoints, give special consideration to ecological relevance, regulatory policy goals
and societal values, and susceptibility to the COPECs. 

(4)  Risk Hypotheses.  Ecological risk hypotheses for the baseline ERA are basically ques-
tions about the relationships among assessment endpoints and their predicted responses when ex-
posed to contaminants (EPA/540/R-97/006).  These testable hypotheses will provide the basis
for developing the study design and for evaluating the results of the site investigation in the
analysis phase.  The most basic question to be answered by the ERA is whether COPECs are
causing or have the potential to cause adverse effects on the assessment endpoints.  Based on the
ECSM, the Contractor shall propose the risk hypotheses to be answered by the baseline ERA.
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(5)  Step 3 SMDP.  At this SMDP, the Contractor shall present the proposal for the final list
of COPECs, assessment endpoints, and the risk hypotheses.  To develop the site study and estab-
lish the level of effort necessary to evaluate potential site risks, agreement must be reached on
the following four components of the ECSM: the list of COPECs, the assessment endpoints,
exposure pathways assumed to be complete, and the testable hypotheses that will be answered by
the baseline ERA.  This will facilitate identification of the measurement endpoints and current
data gaps to be evaluated by the field effort.

b.  Step 4: Study Design and the DQO Process.  This step in the ERA process will establish
field and laboratory procedures for the investigation and will document DQOs for all data to be
collected.

(1)  Establishing Measurement Endpoints.  The Contractor shall propose measurement
endpoints, based on the assessment endpoints agreed to at the Step 3 SMDP.  Measurement end-
points are, by definition, measurable responses to a stressor that are related to the valued charac-
teristics chosen as the assessment endpoints.  Measurement endpoints can be measures of expo-
sure (i.e., media concentration of COPECs, including spatial and temporal aspects relevant to the
level of analysis) or measures of effect (also associated with the level of analysis).  The relation-
ship between the measurement endpoint and the assessment endpoint must be clearly described,
must be based on scientific evidence, and should allow potential harm to be evaluated at the
population, community, or ecosystem level of organization.  The measurement endpoints shall be
selected to determine the answers to the risk hypotheses agreed to at the SMDP.  In general,
there are generally five lines of evidence that can be used to answer these questions:

(a)  Comparing estimated or measured exposure levels with Reference Toxicity Values
(RTVs) derived from the literature (i.e., the HQ method).

(b)  Comparing site tissue residues with tissue residues from a reference area.

(c)  Comparing toxicity test results with toxicity test results from a reference area.

(d)  Comparing observed effects on site receptors with those observed in a reference
area.

(e)  Comparing measures of population or community health with those observed in a
reference area.

(f)  The Contractor shall propose the lines of evidence necessary to evaluate all complete
pathways from COPECs to receptors, to be presented at the Step 4 SMDP for agreement.  Addi-
tionally, the Contractor shall propose how the data and the various lines of evidence will be
interpreted, and how inferences will be drawn from the measurement to the assessment
endpoints.  Agreement prior to the field effort will ensure that the baseline ERA will provide the
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information appropriate for making risk management decisions.

(2)  Determination of Data Needs.  Based on the information above, the Contractor shall
propose the data required for evaluation of potential ecological threats.  All data available from
previous site investigations shall be evaluated to determine appropriate sampling locations, in an
attempt to establish gradients of contamination and corresponding ecological impacts wherever
possible.  Additionally, the Contractor shall evaluate the existing data for usability to determine
what data gaps exist, and the sampling required to fill those gaps.  Finally, DQOs shall be
assigned for all required samples, establishing how the lines of evidence will be evaluated, the
sampling and analytical requirements, and the analytical quantitation limits required.

(3)  Step 4 SMDP.  The SMDP at the end of Step 4 will obtain agreement on the following
three items: the measurement endpoints, site investigation methods for both field and laboratory,
and the data reduction/interpretation techniques.  The Contractor shall document the above and
the applicable DQOs in the WP/SAP (including the DQOs for HHRA samples), ensuring that all
DQOs are complete and clearly defined, that sampling for the ERA and HHRA are coordinated
(i.e., not duplicated), and that the analytical quantitation limits are adequate for their intended
use.

c.  Step 5: Field Verification of Sampling Design.  Before the WP/SAP are made final, it may
be necessary to verify that the proposed field effort is practical and appropriate.  If it has not al-
ready been done, the Contractor shall verify the sampling design, the risk hypotheses, complete
exposure pathways, and the measurement endpoints for appropriateness and field implementabil-
ity.  The Contractor shall document any aspect of the field effort that might be problematic, pro-
pose a solution, and obtain concurrence from the USACE.

d.  Step 6: Site Investigation and Analysis Phase.  This step in the ERA process implements
the field effort outlined in the WP/SAP and analyzes the data that result, characterizing actual
exposures and ecological effects, leading to the risk characterization in Step 7.

(1)  Site Investigation.  The site investigation will implement the WP/SAP developed in
Step 4 and verified in Step 5 (if required).  If the Contractor determines that deviations from the
WP/SAP are required because of changes in field conditions or concentrations/locations of
COPECs, they shall be proposed to the USACE for consideration at an SMDP.  Upon agreement,
the RI Report shall include the reason for the change and how the change affects the baseline
ERA.

(2)  Step 6 SMDP.  This SMDP is required only if it is necessary to alter the WP/SAP, as
noted above.  Agreement shall be reached on the appropriateness of the changes, as well as on
how the information will be used in the baseline ERA.

(3)  Analysis of Ecological Exposures and Effects.  In the analysis phase of the ERA, the
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data on existing and potential exposures and ecological effects at the site are technically
evaluated (EPA/540/R-97/006).  The procedures for characterizing exposures and ecological
effects were documented in the WP/SAP (SMDP at the end of Step 4).

(a)  Characterizing Exposures.  The exposure analysis combines the spatial and
temporal distributions of the selected endpoints with those of the COPECs to evaluate exposures.
 The result of the exposure analysis is an exposure profile. This profile quantifies the magnitude
and spatial and temporal patterns of exposure as they relate to the assessment endpoints and risk
hypotheses developed during problem formulation (EPA/540/R-97/006).

(b)  Characterizing Ecological Effects.  The ecological effects characterization shall
include a summary of the types of adverse effects on biota associated with exposure to COPECs
and shall evaluate of relationship between magnitude of exposures and adverse effects. 

(c)  Exposure-Response Analysis.  The Contractor shall describe the relationship
between the magnitude, frequency, or duration of exposures to the COPECs and the magnitude
of any responses.  The relationship between exposure and response shall be described to the
extent possible and the linkage between the measurement and assessment endpoints shall be
clearly explained.  The Contractor shall provide identification of the effects (i.e., potential or
observed), and a discussion of the confidence in these relationships, either qualitatively or
quantitatively, as allowed by the data.

(d)  Evidence of Causality.  It is very important to evaluate the strength of the causal as-
sociation between COPECs and effects on the selected endpoints.  Demonstrating a correlation
between a contaminant gradient and ecological impacts is a key component of establishing
causality, but is not required.  The Contractor shall use the procedures and methods outlined in
ERAGS (EPA/540/R-97/006) and the Guidelines (EPA/540/R-97/033) to assist in describing the
cause and effect relationships.

e.  Step 7: Risk Characterization.  As stated in ERAGS, “unless the site investigation during
Step 6 discovers unexpected information, the risk assessment should move smoothly through the
risk characterization phase, because the data interpretation procedures were specified in the
WP/SAP.”  The Risk Characterization includes two major steps: risk estimation and risk descrip-
tion.

(1)  Risk Estimation.  To estimate risk, integrate the exposure profiles and the exposure-
effects information gathered during the field effort, and assess the uncertainties associated with
the process.  All assumptions, defaults, uncertainties, use of professional judgment, and any
other inputs to the risk estimate shall be clearly identified and easy to find.

(2)  Risk Description.  The risk description shall consist of a summary of the results of the
risk estimation and an assessment of confidence in the risk estimates through a discussion of the
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weight of evidence.  An analysis and discussion of all identifiable uncertainties shall also be in-
cluded.

f.  Step 8: Risk Management.  At the end of the baseline ERA, the Contractor shall provide
information to the risk manager or managers to assist them in decision-making.  In addition to
summarizing the baseline ERA, the Contractor shall adequately address the six principals and the
four questions from USEPA.

5.  Results of the BRA.  The Contractor shall present a summary of the results and uncertain-
ties of both the HHRA and the ERA, the relationship of the two assessments, and an evaluation
of the severity of any risks or hazards indicated.  Any conflicts between the HHRA and ERA
(e.g., significant human health risk but no indication of ecological risk) should be clearly dis-
cussed, so that the effects of giving one or the other preference are easily understood.  This
information is intended to help the risk manager or managers to determine the need for a no
further action decision, a removal action, or to proceed to a Feasibility Study for site
remediation.

6.  Examples of Guidance.  The following documents are provided for reference.  Additional
documentation may be used as required or appropriate.

a.  Department of the Army Publications. 

DA Pam 40-578
Health Risk Assessment Guidance for Installation Restoration Program and Formerly Used
Defense Sites. 

AR 200-1
Environmental Protection and Enhancement. 

b.  U.S. Army Corps of Engineers (USACE) Publications.

EM 200-1-2
Technical Project Planning (TPP) Process. 

EM 200-1-4
Risk Assessment Handbook, Volume I: Human Health Evaluation. 

EM 200-1-4
Risk Assessment Handbook, Volume II: Environmental Evaluation. 

c.  U.S. Environmental Protection Agency (USEPA) Publications
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EPA/540/1-88/001
OSWER Directive 9285.5-1.  Superfund Exposure Assessment Manual.  Office of Emergency
and Remedial Response.

EPA/540/1-89/002
Risk Assessment Guidance for Superfund: Vol. 1 - Human Health Evaluation Manual (Part A). 
Office of Emergency and Remedial Response.

EPA/540/G-89/004
OSWER Directive 9355.3-01.  Guidance for Conducting Remedial Investigations and Feasibility
Studies Under CERCLA.  Office of Emergency and Remedial Response.

EPA-540/R-95-036  
Health Effects Assessment Summary Tables (HEAST), NTIS PB95-921199.

EPA/540/R-95/128
Soil Screening Guidance: Technical Background Document. 

EPA/540/R-96/018  
Soil Screening Guidance: User’s Guide.

EPA/540/R-97/006  
Ecological Risk Assessment Guidance for Superfund: Process for Designing and Conducting
Ecological Risk Assessments.

EPA/540/R-97/033
OSWER Directive 9285.7-01D. Risk Assessment Guidance for Superfund, Volume I: Human
Health Evaluation Manual, Part D.

EPA/600/3-89/013
Ecological Assessment of Hazardous Waste Sites: A Field and Laboratory Reference.  Office of
Research and Development.

EPA/600/R-93/187a  
Wildlife Exposure Factors Handbook, Volume I of II.

EPA/600/P-95/002Fa, b, and c
Exposure Factors Handbook.

EPA/600/Z-92/001  
Guidelines for Exposure Assessment. 57 FR 22888.



EP 200-1-15
15 Dec 01

B-12

EPA/630/R-95/002F  
Guidelines for Ecological Risk Assessment.

EPA/630/R-97/001
Guiding Principles for Monte Carlo Analysis.

USEPA 
National Oil and Hazardous Substances Pollution Contingency Plan.  Final Rule.  Office of
Solid Waste and Emergency Response. 55 FR 8660.

USEPA 
OSWER Directive 9285.7-01B.  Human Health Evaluation Manual, Part B: Development of
Risk-Based Preliminary Remediation Goals.  Office of Emergency and Remedial Response.

USEPA 
OSWER Directive 9285.7-01C.  Human Health Evaluation Manual, Part C: Risk Evaluation of
Remedial Alternatives.  Office of Emergency and Remedial Response.

USEPA 
OSWER Directive 9285.7-09A.  Guidance for Data Useability in Risk Assessment (Part A). 
Final report.  Office of Emergency and Remedial Response.

USEPA 
OSWER Directive 9285.7-081.  Supplemental Guidance to RAGS: Calculating the Concentra-
tion Term. 

USEPA 
PB92-963362.  Guidance for Data Useability in Risk Assessment (Part B). Publication No.
9285.7-09B. 

USEPA 
OSWER Directive 9285.7-28 P.  Ecological Risk Assessment and Risk Management Principals
for Superfund Sites.

USEPA 
On-Line Database: Integrated Risk Information System (IRIS).
http://www.epa.gov/ngispgm3/iris/index.html

d.  Other Publications.

Wentsel et al. 
R.S. Wentsel, et al. Tri-Service Procedural Guidelines for Ecological Risk Assessments. U.S.
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Army Edgewood Research, Development and Engineering Center (ERDEC), Aberdeen Proving
Ground, MD. ADA297968.


